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MULTILAYERED AIR-FUEL RATIO SENSOR 

BACKGROUND OF THE INVENTION 
The present invention relates to a multilayered air-fuel ratio sensor used 

for controlling an air-fuel ratio of a gas mixture supplied to a combustion 

chamber of an internal combustion engine. 

To suppress energy loss (i.e., fuel loss) and prevent serious air pollution, 

using an air-fuel ratio sensor is inevitably required for present passenger 

vehicles. 

Figs. 13 and 14 show a conventional multilayered air-fuel ratio sensor 
disclosed in Japanese Patent No. 2-62955 corresponding to US Patent 
5,288,389. 

As shown in Fig. 13, a multilayered air-fuel ratio sensor 9 comprises 
multiple layers consisting of a solid electrolytic substrate layer 91, an insulating 
spacer 92, a solid electrolytic substrate layer 93, and a shielding plate 94. 

As shown in Fig. 14, the multilayered air-fuel ratio sensor 9 comprises 
a pump cell 919 and a sensor cell 939. A sample gas chamber 920 is interposed 
between the pump cells 919 and 939. A reference gas chamber 940 is provided 
between the sensor cell 939 and the shielding plate 94. Each of the solid 
electrolytic substrate layers 91 and 93 and the shielding plate 94 is made of 
zirconia. The insulating spacer 92 is made of alumina. 

The pump cell 919 consists of the solid electrolytic substrate layer 91 
and a pair of porous electrodes 911 and 912 provided on opposite surfaces of 
the solid electrolytic substrate layer 91. The sensor cell 939 consists of the solid 
electrolytic substrate layer 93 and a pair of electrodes 931 and 932 provided on 
opposite surfaces of the solid electrolytic substrate layer 91. A sample gas 
diffusive inlet portion 921 introduces a sample gas to the sample gas chamber 
920. A protector layer 900 is provided on an outer surface of the porous 
electrode 911. 

The pump cell 919 maintains the concentration of an oxygen gas residing 
in the sample gas chamber 920 at a constant value by adjusting an oxygen gas 
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amount introduced to or exhausted from the sample gas chamber 920. The 
sensor cell 939 detects an air-fuel ratio of the sample gas stored in the sample 
gas chamber 920. 

More specifically, a comparator 950 compares a sensing signal of the 
sensor cell 939 with a reference voltage. A voltage responsive to an output of 
the comparator 950 is applied to the pump cell 919. The oxygen gas amount 
varies in accordance with the applied voltage. Thus, an adjusted oxygen gas is 
introduced into or exhausted from the sample gas chamber 920. This realizes 
a feedback control of the concentration of the oxygen gas in the sample gas 
chamber 920. An obtained current during this feedback control is proportional 
to an air-fuel ratio of the sample gas. Thus, the air-fuel ratio is detectable from 
the measured current value. 

In general, the air-fuel ratio sensor functions properly only when it has 
a high temperature exceeding a predetermined active temperature. Hence, to 
assure an accurate operation, the multilayered air-fuel ratio sensor 9 is 
equipped with a heater. The heater generates a sufficient amount of heat to 
maintain the multilayered air-fuel ratio sensor 9 at a higher temperature 
exceeding its active temperature. 

The ULEV law, effective from the year of 2,000 in California State of 
the Unites States, forces the automotive makers to clear the required levels of 
tough emission controls. To attain this goal, having an excellent warmup ability 
is an essential factor to be realized for the above-described multilayered air-fuel 
ratio sensor. 

The planned target levels are significantly high. For example, an air-fuel 
ratio sensor must operate properly within a short period of 5 seconds 
immediately after the engine is started up. 

In this respect, the above-described conventional multilayered air-fuel 
ratio sensor 9 has a drawback in that its heater is provided as a separate 
component. According to this arrangement, the heater must increase its 
temperature excessively to satisfy the rough regulations. The multilayered air- 
fuel ratio sensor is subjected to severe thermal shocks. It possibly causes 
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cracks. 

As one of practical methods for reducing the thermal shocks, it may be 
possible to reduce an overall thickness of the multilayered air-fuel ratio sensor. 
A heat capacity of the multilayered air-fuel ratio sensor decreases in proportion 
to the reduction of its thickness. However, the mechanical strength of the 
multilayered air-fuel ratio sensor decreases correspondingly. This is not 
desirable. 

The multilayered air-fuel ratio sensor usually receives various external 
forces and vibrations, for example, when the multilayered air-fuel ratio sensor 
is assembled with the heater or when the multilayered air-fuel ratio sensor is 
installed in an exhaust passage of an internal combustion engine. Accordingly, 
any multilayered air-fuel ratio sensor suffering from a decreased mechanical 
strength will be damaged by such external forces and vibrations. 

Fig. 15 shows a proposed arrangement for the above conventional 
multilayered air-fuel ratio sensor 9. A multilayered heater 99 is integrated with 
the multilayered air-fuel ratio sensor 9 via an insulating substrate layer 990. 
However, according to this arrangement, the size of the multilayered air-fuel 
ratio sensor 9 is substantially restricted by the heat ability of the multilayered 
heater 99. As described above, increasing the heater temperature will cause the 
problem that the multilayered air-fuel ratio sensor 9 is subjected to severe 
thermal shocks. If the thickness of the multilayered air-fuel ratio sensor 9 is 
reduced to solve this problem, the mechanical strength will be fatally 
deteriorated. 

SUMMARY OF THE INVENTION 

In view of the problems encountered in the prior art, an object of the 
present invention is to provide a multilayered air-fuel ratio sensor having an 
excellent warmup ability and capable of effectively preventing the cracks from 
causing due to thermal shocks. - ' 

In order to accomplish this and other related objects, an aspect of the 
present invention provides a multilayered air-fuel ratio sensor comprising a 
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plurality of substrate layers comprising at least one solid electrolytic substrate 
layer. At least one heterogeneous boundary layer is interposed between the 
plurality of substrate layers. The heterogeneous boundary layer has a thickness 
in a range of 10 to 100 /urn. The heterogeneous boundary layer absorbs thermal 
shocks or any other stresses acting on the substrate layers and stops the growth 

ofcracks. " ' ' . 

Preferably, the heterogeneous boundary layer has a^p orous r -ate larger 
than those of the neighboring substrate layers. The heterogeneous boundary 
layer has a sintering particle diameter larger than those of the neighboring 
substrate layers. The heterogeneous boundary layer comprises a component 
selected from the group consisting of alumina, spinel, and steatite. The 
heterogeneous boundary layer is interposed between a solid electrolytic 
substrate layer and an insulating substrate layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and. other objects, features and advantages of the present 
invention will become more apparent from the following detailed description 
which is to be read in conjunction with the accompanying drawings, in which: 

Fig. 1 is a perspective view showing an overall arrangement of a 
multilayered air-fuel ratio sensor in accordance with a first embodiment of the 
present invention; 

Fig. 2 is a cross-sectional view showing the multilayered air-fuel ratio 
sensor in accordance with the first embodiment of the present invention, taken 
along a line A- A of Fig. 1; 

Fig. 3 is a cross-sectional view showing the multilayered air-fuel ratio 
sensor in accordance with the first embodiment of the present invention, taken 
along a line B-B of Fig. 1; 

Fig. 4 is a graph showing a relationship between the thickness of a 
heterogeneous layer and the bending strength of the multilayered air-fuel ratio 
sensor in accordance with the first embodiment of the present invention; 

Fig. 5 is a graph showing a relationship between the presence of the 
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heterogeneous layer and the bending strength of the multilayered air-fuel ratio 
sensor in accordance with the first embodiment of the present invention; 

Fig. 6 is a graph showing a relationship between the presence of the 
heterogeneous layer and the breaking strength of the multilayered air-fuel ratio 
sensor in accordance with the first embodiment of the present invention; 

Fig. 7 is a cross-sectional view showing an essential arrangement of a 
multilayered air-fuel ratio sensor having two insulating substrate layers in 
accordance with the first embodiment of the present invention; 

Fig. 8 is a cross-sectional view showing an essential arrangement of a 
multilayered air-fuel ratio sensor having three insulating substrate layers in 
accordance with the first embodiment of the present invention; 

Fig. 9 is a cross-sectional view showing an essential arrangement of a 
multilayered air-fuel ratio sensor having three solid electrolytic substrate layers 
in accordance with a second embodiment of the present invention; 

Fig. 10 is a cross-sectional view showing an essential arrangement of a 
multilayered air-fuel ratio sensor having one insulating substrate layer in 
accordance with the second embodiment of the present invention; 

Fig. 11 is a cross-sectional view showing an essential arrangement of a 
multilayered air-fuel ratio sensor having two insulating substrate layers in 
accordance with the second embodiment of the present invention; 

Fig. 12 is a cross-sectional view showing an essential arrangement of a 
multilayered air-fuel ratio sensor having two heterogeneous layers in 
accordance with a third embodiment of the present invention; 

Fig. 13 is a perspective view showing an overall arrangement of a 
conventional multilayered air-fuel ratio sensor; 

Fig. 14 is a cross-sectional view showing the conventional multilayered 
air-fuel ratio sensor shown in Fig. 13; and 

Fig. 15 is a perspective view showing an improved arrangement of the 
conventional multilayered air-fuel ratio sensor shown in Fig. 13. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Preferred embodiments of the present invention will be explained 
hereinafter with reference to attached drawings. Identical parts are denoted by 
the same reference numerals throughout the views. 

First Embodiment 

Figs. 1 through 8 are views showing preferable arrangements of a 
multilayered air-fuel ratio sensor 1 in accordance with a first embodiment of 
the present invention. In the following explanation, an up-and-down direction 
is defined based on the layout shown in Fig. 1. Needless to say, an actual up- 
and-down direction of the multilayered air-fuel ratio sensor 1 may be changed 
when it is installed on an internal combustion engine. 

The multilayered air-fuel ratio sensor 1 comprises a total of five solid 
electrolytic substrate layers 11 to 15, stacking from the bottom to the top in Fig. 
1, each having the oxygen ion conductivity. A total of four heterogeneous 
layers 10 are alternately combined with the five solid electrolytic substrate 
layers 11 to 15. These heterogeneous layers 10 serve as boundary layers 
respectively interposed between two neighboring solid electrolytic substrate 
layers. Each heterogeneous layer 10 is 50 /urn thick. Each of the solid 
electrolytic substrate layers 11 to 15 is 240 ^m thick. A total thickness of the 
multilayered air-fuel ratio sensor 1 is 1.4 mm. 

The solid electrolytic substrate layers 11 to 15 are made of yttria 
partially-stabilized zirconia with an average sintering particle diameter of 2 to 
3 fA.m. Each heterogeneous layer 10 is made of a material selected from the 
group of alumina, spinel, and steatite. In this embodiment, the heterogeneous 
layers 10 are made of a-alumina with an average sintering particle diameter of 
3 to 4^m. 

The multilayered air-fuel ratio sensor 1 comprises a pump cell and a 
sensor cell, as well as a multilayered heater integrally provided in the 
multilayered air-fuel ratio sensor 1. 

As shown in Figs. 1 to 3, the solid electrolytic substrate layer 11 serves 
as a pump cell substrate having opposite surfaces on which pumping electrodes 
111 and 112 are provided in a back-to-back relationship. A pinhole 110, 
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serving as a sample gas introducing passage, extends across the solid 
electrolytic substrate layer 11 from a center of the upper (i.e., outer) pumping 
electrode 111 to a center of the lower (i.e., inner) pumping electrode 112. 

The solid electrolytic substrate layer 12 has an aperture defining a 
sample gas chamber 120. A lower surface of the solid electrolytic substrate 
layer 11 defines a ceiling of the sample gas chamber 120. The lower pumping 
electrode 112 extends entirely along the ceiling of the sample gas chamber 120. 
The upper pumping electrode 111 extends along the upper surface of the solid 
electrolytic substrate layer 11. 

An upper surface of the solid electrolytic substrate layer 13 defines a 
bottom of the sample gas chamber 120. The pinhole 110 communicated with 
the sample gas chamber 120. 

The solid electrolytic substrate layer 13 serves as a sensor cell substrate 
having opposite surfaces on which sensing electrodes 131 and 132 are provided 
in a back-to-back relationship. The upper sensing electrode 131 extends along 
the bottom of the sample gas chamber 120. 

The solid electrolytic substrate layer 14 has a slit defining a reference gas 
chamber 140. A lower surface of the solid electrolytic substrate layer 13 
defines a ceiling of the reference gas chamber 140. The lower sensing electrode 
132 extends entirely along the ceiling of the reference gas chamber 140. A 
bottom of the reference gas chamber 140 is defined by the heterogeneous layer 
10 provided on an upper surface of the solid electrolytic substrate layer 15. 

The solid electrolytic substrate layer 15 serves as a heater substrate. A 
heater element 150 is provided on the solid electrolytic substrate layer 15 via 
an insulation paste. The heater element 150 has a predetermined pattern 
extending along an upper surface of the solid electrolytic substrate layer 15. 

In Fig. 3, reference numerals 117, 118, 137 and 138 denote leads 
connecting respective electrodes to corresponding output terminals. Fig. 1 
shows an output terminal 119 connected via the lead 118 to the upper pumping 
electrode 111. 

Next, a manufacturing procedure of the multilayered air-fuel ratio sensor 
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1 will be explained. 

First, a manufacturing method of a zirconic green sheet is explained. The 
zirconic green sheet is used to form the solid electrolytic substrate layers 11 to 
15. A main material of the zirconic green sheet is a yttria partially-stabilized 
zirconia with an average particle diameter of 0.5 fj.m. This yttria partially- 
stabilized zirconia comprises 6 mol% yttria and 94 mol% zirconia. The 
weighing capacity of the yttria partially-stabilized zirconia is 100 weight parts. 
As subsidiary materials of the zirconic green sheet , an a-alumina is one weight 
part, a PVB (polyvinyl butyral) is five weight parts, a DBP (di-butyl phthalate) 
is 10 weight parts, an ethanol is 10 weight parts, and a toluene is 10 weight 
parts. 

The prepared yttria partially-stabilized zirconia, a-alumina, PVB, DBP, 
ethanol and toluene are mixed in a ball mill to obtain a slurry of them. The 
obtained slurry is configured into a plane sheet body by using a doctor blade 
method. The fabricated sheet body is 0.3 mm thick in a dried condition. A total 
of five rectangular sheet bodies, each being 5 mm x 70 mm, are cut out of this 
sheet body for the solid electrolytic substrate layers 11 to 15. 

Next, an electrically conductive Pt paste is screen printed in the 
predetermined pattern on opposite surfaces of a first rectangular sheet body. 
This constructs the solid electrolytic substrate layer (i.e., sensor cell substrate) 
13 with the sensing electrodes 131 and 132. 

In the same manner, the electrically conductive Pt paste is screen printed 
on opposite surfaces of a second rectangular sheet body. This constructs the 
solid electrolytic substrate layer (i.e., pump cell substrate) 11 with the pumping 
electrodes 111 and 112. The pinhole 11 is opened across the solid electrolytic 
substrate layer 11. The diameter of the opened pinhole 11 is 0.5 mm. 

Furthermore, the leads and the output terminals are provided at the 
predetermined portions on the first and second rectangular sheet bodies of the 
sensor cell substrate 13 and the pump cell substrate 11. 

Furthermore, an alumina insulating paste is printed on a third rectangular 
sheet body. Thereafter, an electrically conductive paste containing 90 wt% Pt 
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and 10 wt% aluminum is printed on this third rectangular sheet body. This 
constructs the solid electrolytic substrate layer (i.e., heater substrate) 15 with 
the heater element 150. The resistance value of the formed heater element 150 
is 2.0 Q at 20°C. 

Furthermore, a fourth rectangular sheet body is provided with an aperture 
at a predetermined position. This constructs the solid electrolytic substrate 
layer 12 defining the sample gas chamber 120. A fifth rectangular sheet body 
is provided with a slit at a predetermined position. This constructs the solid 
electrolytic substrate layer 14 defining the reference gas chamber 140. 

Next, a manufacturing method of an alumina green sheet will be 
explained. The alumina green sheet is used to form the heterogeneous layers 
10. A main material of the aluminum green sheet is an a-alumina with an 
average particle diameter of 0.3 fim. The weighing capacity of this a-alumina 
is 100 weight parts. As subsidiary materials (i.e., binders), an acrylic resin is 
30 weight parts and a toluene is 30 weight parts. 

The prepared a-alumina, acrylic resin and toluene are kneaded by a roll 
mill to get a predetermined viscosity and then sheeted by a press roller. The 
fabricated sheet body is 100 ^m thick. A total of four rectangular sheet bodies, 
each being 5 mm x 70 mm, are cut out of this plane sheet body for the 
heterogeneous layers 10. The rectangular sheet bodies are configured into the 
predetermined shape corresponding to the above-described pinhole 110 and the 
gas chambers 120 and 140. 

Subsequently, the rectangular sheet bodies of the solid electrolytic 
substrate layers 11 to 15 are stacked or laminated in the predetermined order 
with the alternately intervening rectangular sheet bodies of the heterogeneous 
layers 10, as shown in Figs. 1 to 3. Then, the formed multilayered assembly is 
sintered at an atmospheric environment of 1,500 °C for one hour. Finishing this 
sintering operation obtains the multilayered air-fuel ratio sensor of this 
embodiment. 

Next, the performance of the multilayered air-fuel ratio sensor of this 
embodiment will be explained. 
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To check the performance, the multilayered air-fuel ratio sensor of the 
first embodiment was compared with several test samples. In the conducted 
comparative performance test, a plurality of green sheets respectively 0.35, 
0.33, 0.25 and 0.21 mm thick were prepared for the solid electrolytic substrate. 
Similarly, a plurality of green sheets respectively 0 (i.e., none), 40, 200 and 280 
jum thick were prepared for the heterogeneous layers. By appropriately 
assembling the prepared green sheets, various test samples of the multilayered 
air-fuel ratio sensor were obtained. Each test sample was sintered. Each 
obtained air-fuel ratio sensor was approximately 1.4 mm thick after finishing 
the sintering operation. This thickness is substantially the same as that of the 
multilayered air-fuel ratio sensor of the above-described embodiment. 

The thickness dispersion of each test sample was suppressed within 50 
jum. The thickness of each heterogeneous layer was measured through a SEM 
observation on a broken surface. The measured thicknesses of the 
heterogeneous layers were 0, 20, 50, 100 and 140 jum after finishing the 
sintering operation. In each of the five kinds of test samples, a 3-point bending 
strength was measured in compliance with JISB0601. Figs. 4 and 5 show the 
measured result. 

According to the measured result of Fig. 4, the 3-point bending strength 
is larger than 250 MPa when the thickness of the heterogeneous layer is in a 
range of 10 fim to 100 jum. The mechanical strength is practically sufficient 
when the 3-point bending strength exceeds 250 Mpa. 

According to the measured result of Fig. 5, the tested air-fuel sample 
with a 10 fim heterogeneous layer shows an increased 3-point bending strength 
that is approximately 1.4 times as large as that of the tested air-fuel sample 
having no heterogeneous layer. 

As shown in Fig. 4, the 3-point bending strength is maximized in the 
vicinity of 50 ftm. In other words, the optimum thickness of the heterogeneous 
layer resides near 50 jum. 

Fig. 6 shows a result of a spalling strength test. This shows a relationship 
between the presence of the heterogeneous layer and the breaking strength of 
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the multilayered air-fuel ratio sensor. To measure the breaking strength, the test 
samples were held in a dried environment of a predetermined temperature for 
30 minutes and then soaked in water. 

As apparent from the graph of Fig. 6, a large thermal shock durability 
5 (temperature difference) is obtained by providing the heterogeneous layer in 
the multilayered air-fuel ratio sensor. It is thus confirmed that the breaking 
strength can be improved by providing the heterogeneous layer. The air-fuel 
ratio sensor is installed in an exhaust pipe of an internal combustion engine. 
The air-fuel ratio sensor in an engine startup condition is usually subjected to 

10 condensed water remaining in the exhaust pipe. However, in such a severe 
condition, the present invention can effectively prevent the multilayered air- 
fuel ratio sensor from causing a thermal stress cracking by the provision of the 

5 heterogeneous layer. 

O Next, functions and effects of the above-described embodiment of the 

H present invention will be explained. 

t ~1 According to the first embodiment, the multilayered air-fuel ratio sensor 

D 1 has heterogeneous layers 10 each serving as a boundary layer interposed 
O r between two neighboring solid electrolytic substrate layers. When a thermal 
I stress or any other stress acts on the solid electrolytic substrate layers 11-15, 
fj) / a small crack may appear. However, the heterogeneous layer acts as a buffer for 
m I absorbing the stresses. The growth of the crack is surely prevented by the 
/ heterogeneous layer. Thus, the multilayered air-fuel ratio sensor 1 is free from 
the fatal cracking. 

Thus, the first embodiment of the present invention can provide a 
25 multilayered air-fuel ratio sensor robust against thermal shocks. This allows an 
increased heater temperature. Needless to say, increasing the heater temperature 
is effective to improve the warmup ability. Accordingly, the first embodiment 
of the present invention provides a multilayered air-fuel ratio sensor having an 
excellent warmup ability. 
30 According to the first embodiment, the solid electrolytic substrate layers 

11-15 are made of yttria partially-stabilized zirconia. The heterogeneous layer 
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10 is made of alumina. The thermal expansion coefficient of the yttria partially- 
stabilized zirconia is substantially the same as that of the alumina. No damage 
occurs due to a thermal expansion coefficient difference between the yttria 
partially-stabilized zirconia and the alumina. 

As described above, the first embodiment of the present invention 
provides the multilayered air-fuel ratio sensor excellent in the warmup ability 
and robust against the thermal shocks. 

Fig. 7 shows a modified arrangement of the multilayered air-fuel ratio 
sensor of the first embodiment wherein two solid electrolytic substrate layers 
14 and 15 are replaced by insulating substrate layers 24 and 25. More 
specifically, the multilayered air-fuel ratio sensor 1 shown in Fig. 7 comprises 
three solid electrolytic substrate layers 11-13 and two insulating substrate 
layers 24 and 25 stacked to form a multilayered construction. The insulating 
substrate layers 24 and 25 are m ade of jilumina. A total of four heterogeneous 
layers 10 are alternately combined with the five substrate layers 11-13 and 
24-25. These heterogeneous layers 10 serve as boundary layers respectively 
interposed between two neighboring substrate layers for absorbing the stresses. 

Fig. 8 shows another modified arrangement of the multilayered air-fuel 
ratio sensor of the first embodiment wherein three solid electrolytic substrate 
layers 12, 14 and 15 are replaced by insulating substrate layers 22, 24 and 25. 

Both of the modified arrangements shown in Figs. 7 and 8 bring 
substantially the same functions and effects as those of the above-described 
Figs. 1—3 embodiment. 

As apparent from the foregoing description, the present invention 
provides the multilayered air-fuel ratio sensor comprising a plurality of 
substrate layers comprising at least one solid electrolytic substrate layer. At 
least one heterogeneous layer is interposed between two of the plurality of 
substrate layers. The heterogeneous layer serves as a boundary layer that 
absorbs thermal shocks or any other stresses acting on the substrate layers and 
stops the growth of cracks. 

The heterogeneous layer has a thickness in a range of 10 to 100 jum. 
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When the thickness of the heterogeneous layer is smaller than 10 fxm, the 
effects of the present invention may not be obtained. When the thickness of the 
heterogeneous layer is larger than 100 fim, the heterogeneous layer may behave 
as a bulk body that is weak against thermal shocks. The cracks may be 
generated. Furthermore, the thickness of the sensor increases. This deteriorates 
the warmup ability. 

Preferably, the heterogeneous layers are provided at all of boundaries of 
the substrate layers. However, the effect of the present invention can be 
obtained by providing at least one heterogeneous layer. 

Preferably, the heterogeneous layer has a ffiorotiG rat e larger than those 
of the neighboring substrate layers. When the porous rlat e^large, the buffer 
effect of the heterogeneous layer can be enhanced. 

Preferably, the heterogeneous layer has a sintering particle diameter 
larger than those of the neighboring substrate layers. When the sintering 
particle diameter is large, the buffer effect of the heterogeneous layer can be 
enhanced. 

Preferably, the heterogeneous layer comprises a component selected 
from the group consisting of alumina, spinel, and steatite. These materials are 
insulating materials capable of serving as an insulating substrate layer. The 
thermal expansion coefficients of these materials are substantially the same as 
that of the solid electrolytic substrate layer. No damage occurs due to a thermal 
expansion coefficient difference between the heterogeneous layer and the slid 
electrolytic substrate layer. 

When the solid electrolytic substrate layer is made of a zirconic material, 
it is preferable to use a heterogeneous layer made of alumina in view of the 
insulation ability and the thermal expansion coefficient. A sintering operation 
produces a thermal expansion coefficient difference due to a thermal hysteresis. 
The combination of the zirconic material and the alumina material is preferable 
to suppress a stress caused by such a thermal expansion coefficient difference. 

Preferably, the heterogeneous layer is interposed between a solid 
electrolytic substrate layer and an insulating substrate layer. 
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Preferably, the multilayered air-fuel ratio sensor comprises a 
multilayered heater. 

Second Embodiment 
Figs. 9 through 11 are views showing preferable arrangements of a 
multilayered air-fuel ratio sensor 3 in accordance with a second embodiment 
of the present invention. The multilayered air-fuel ratio sensor 3 comprises a 
total of three substrate layers. 

According to an arrangement shown in Fig. 9, the multilayered air-fuel 
ratio sensor 3 comprises an upper solid electrolytic substrate layer 31 with 
upper and lower electrodes 311 and 312 provided on opposed surfaces thereof 
in a back-and-back relationship. A medium "solid electrolytic substrate layer 32 
is provided with a slit defining a reference gas chamber 320. A lower surface 
of the upper solid electrolytic substrate layer 31 defines a ceiling of the 
reference gas chamber 320. The lower electrode 312 extends entirely along the 
ceiling of the reference gas chamber 320. 

A bottom of the reference gas chamber 320 is defined by an upper 
surface of a heterogeneous layer 10 mounted on a lower solid electrolytic 
substrate layer 33. The lower solid electrolytic substrate layer 33 serves as a 
heater substrate on an upper surface of which a heater element 330 is provided 
via an insulating paste layer. Another heterogeneous layer 10 is interposed 
between the upper and medium solid electrolytic substrate layers 31 and 32. 

Fig. 10 shows another arrangement of the multilayered air-fuel ratio 
sensor 3 of the second embodiment wherein the lower solid electrolytic 
substrate layers 33 is replaced by an insulating substrate layer 43. 

Fig. 11 shows another arrangement of the multilayered air-fuel ratio 
sensor 3 of the second embodiment wherein both of the medium and lower 
solid electrolytic substrate layers 32 and 33 are replaced by insulating substrate 
layer 42 and 43. 

Both of the modified arrangements shown in Figs. 10 and 11 bring 
substantially the same functions and effects as those of the above-described 
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Fig. 9 embodiment. 



Third Embodiment 
Fig. 12 is a view showing a preferable arrangement of a multilayered air- 
fuel ratio sensor 5 in accordance with a third embodiment. The multilayered 
air-fuel ratio sensor 5 comprises three solid electrolytic substrate layers 11-13 
and two insulating substrate layers 24-25. One heterogeneous layer 101 is 
interposed between the solid electrolytic substrate layers 11 and 12. Another 
heterogeneous layer 102 is interposed between the solid electrolytic substrate 
layer 13 and the insulating substrate layer 24. Both of the heterogeneous layers 
101 and 102 are insulating layers made of alumina. 

According to the arrangement of the third embodiment, the 
heterogeneous layer 101 has a function of insulating the solid electrolytic 
substrate layer 11 from the solid electrolytic substrate layer 12 or vice versa as 
well as a function of absorbing the thermal shocks. 

The Fig. 12 embodiment brings substantially the same functions and 
effects as those of the above-described first embodiment. 

This invention may be embodied in several forms without departing from 
the spirit of essential characteristics thereof. The present embodiments as 
described are therefore intended to be only illustrative and not restrictive, since 
the scope of the invention is defined by the appended claims rather than by the 
description preceding them. All changes that fall within the metes and bounds 
of the claims, or equivalents of such metes and bounds, are therefore intended 
to be embraced by the claims. 
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